BACKGROUND: Physical activity (PA) reduces the rate of mobility disability, compared with health education (HE), in at risk older adults. It is important to understand aspects of performance contributing to this benefit. OBJECTIVE: To evaluate intervention effects on tertiary physical performance outcomes. DESIGN: The Lifestyle Interventions and Independence for Elders (LIFE) was a multi-centered, single-blind randomized trial of older adults. SETTING: Eight field centers throughout the United States. PARTICIPANTS: 1635 adults aged 78.9 AE 5.2 years, 67.2% women at risk for mobility disability (Short Physical Performance Battery [SPPB] <10).
INTERVENTIONS:
Moderate PA including walking, resistance and balance training compared with HE consisting of topics relevant to older adults. OUTCOMES: Grip strength, SPPB score and its components (balance, 4 m gait speed, and chair-stands), as well as 400 m walking speed. RESULTS: Total SPPB score was higher in PA versus HE across all follow-up times (overall P = .04) as was the chairstand component (overall P < .001). No intervention effects were observed for balance (overall P = .12), 4 m gait speed (overall P = .78), or grip strength (overall P = .62). However, 400 m walking speed was faster in PA versus HE group (overall P =<.001). In separate models, 29% of the rate reduction of major mobility disability in the PA versus HE group was explained by change in SPPB score, while 39% was explained by change in the chair stand component. CONCLUSION: Lower extremity performance (SPPB) was significantly higher in the PA compared with HE group. Changes in chair-stand score explained a considerable portion of the effect of PA on the reduction of major mobility disability-consistent with the idea that preserving muscle strength/power may be important for the prevention of major mobility disability. J Am Geriatr Soc 65:1427-1433, 2017.
Key words: randomized clinical trial; physical activity; physical function; gait speed S low gait speed in older adults is associated with an increased risk for disability, 1,2 institutionalization 1 and mortality. 1, 3 Poor muscle function (strength/power) is an important risk factor for slowed gait and is also associated with increased risk of disability [4] [5] [6] [7] and death. 4, 7, 8 Balance is a major risk factor for falls 9, 10 and impaired mobility.
ages; however, most studies have been short-term, small or included relatively higher functioning participants. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] The LIFE study, a randomized trial of 1,635 adults aged 70-89 and older, 24 showed over 2.6 years that physical activity (PA) is more effective than health education (HE) at preventing major mobility disability in previously sedentary, at risk older adults. 25 However, it is also important to determine the effects of PA and HE on common physical performance measures, such as balance, mobility and muscle function, to better understand mechanisms underlying the prevention of mobility disability. Functional limitations are known risk factors for disability; thus these performance measures could be used to track early benefits of future interventions aimed at preventing downstream outcomes in the disablement pathway.
The purpose of these pre-specified analyses was to compare the effects of PA with HE on the tertiary outcomes of 400 m walking speed, grip strength, as well as total Short Physical Performance Battery (SPPB) score and its components: balance, 4 m gait speed and repeated chair stands. 24 Secondly, we examined the potential mediating role of these performance measures in preventing major mobility disability in at risk older adults. We hypothesized that PA would benefit these functional outcomes to a greater degree than HE. We also hypothesized that improvements in lower extremity performance (SPPB score) would explain a significant proportion of the effect of the PA intervention compared with the HE intervention on major mobility disability.
METHODS

Clinical Trial Design and Participants
The LIFE Study was a multicenter, single-blind randomized trial of 1,635 sedentary older adults, aged 70-89, at high risk for mobility disability conducted between February 2010 and the predetermined end date of December 2013. 24 LIFE was designed to assess the effect of PA compared with HE in preventing major mobility disability after an average of 2.6 years. Targeted mass mailings were the primary recruitment strategy. 26 Eligible participants were randomized to the PA or HE group using a permuted block algorithm (with random block lengths) stratified by field center and sex.
Primary results and detailed descriptions of the flow of participants, design, recruitment, and methods were published previously. [24] [25] [26] Briefly, inclusion criteria included, sedentary lifestyle (reporting <20 min/wk of regular exercise in the past month and <125 min/wk of moderate PA), high risk for mobility disability (SPPB score <10 and 45% <8), 27, 28 able to walk 400 m in <15 minutes, no cognitive impairment (1.5 standard deviations below education and race-specific norms 25 on the Modified Mini-Mental State Examination [3MSE]); 29 and able to safely participate in the interventions determined by medical history, physical examination, and resting electrocardiography.
Interventions
Both interventions have been described in detail elsewhere. 24 Briefly, PA sessions were group based and consisted primarily of overground walking, with a goal of 150 min/wk, supplemented with strength and balance training designed to be done at the center (29/wk) and at home. 24 Participants were instructed to walk at a "somewhat hard" intensity and perform strength training at a "hard" intensity. 30 Resistance training used ankle weights that were adjustable up to 20 lbs. in 0.5 lb. increments. The balance regimen consisted of five levels that progressed in difficulty. Following each session, participants completed several flexibility/stretching exercises.
The HE group consisted of weekly workshops for the first 26 weeks. From week 27 on, sessions were offered 29/month, with required participation at least 19/month. The topic of PA was purposefully avoided. The workshops concluded with 5-10 minutes of light, upper extremity stretching.
Clinic Measurements
Participants attended clinic visits every 6 months. Home, telephone, and proxy assessments were offered if a participant was unable to attend. The assessment staff was blinded to intervention assignments. Self-reported PA was measured using the Community Healthy Activities Model Program for Seniors (CHAMPS) questionnaire 31 and was administered by a separate set of unmasked staff.
Assessments included self-reported race, demographic information, medical and hospitalization history, electrocardiography, physical examination, cognitive testing using the 3MSE, 29 body height, and weight. Activities of daily living (ADL) disability was measured with the Pepper Assessment Tool for Disability (PAT-D) and the average level of difficulty (0-5, 0 = none and 5 = unable to do) for each of the seven ADL items was calculated. 24, 32 These measures were repeated during follow-up at varied intervals. Details of these measures and their frequency are described elsewhere. 24 Race and ethnicity were reported by the participants and were collected according to NIH categories.
Physical Performance Outcomes
The SPPB, measured at baseline, 6, 12, 24, and 36 months, is a well-validated measure of lower extremity performance and consists of a balance battery with sideby-side, semi-tandem and tandem positions, 4 m walk at usual pace and five repeated chair-stands. 27 Each component was assigned a categorical score ranging from 0 (unable to complete) to 4 (best) and a summary score (0-12) was calculated. Chair-stand score was considered a surrogate for lower extremity muscle function (strength and power). 33 Grip strength was measured with a dynamometer (Jamar Handheld Dynamometer, J.A. Preston Corporation, Clifton, NJ) at baseline and 12 months. Participants performed one practice trial and two tests from a seated position using their dominant hand. The higher value was defined as hand grip strength.
A usual pace 400 m walk was performed at baseline and every 6 months. The primary outcome of the LIFE study was major mobility disability, defined as the inability to complete the 400 m walk in <15 minutes without sitting and without the help of another person or walker. In these analyses, 400 m walk was also treated as a continuous outcome (m/s). The test consisted of completing 10 laps on a 20 m course (40 m/lap). Participants were instructed to walk at their usual pace, without overexerting themselves and were allowed to stop, standing in place, for up to 1 minute. Participants were permitted to use single pronged, straight canes only.
Statistical Analysis
Baseline characteristics stratified by intervention group were summarized using means and standard deviations, or counts and percentages. Intervention adherence was defined as the percentage of scheduled center-based intervention sessions attended. We compared the intervention effects, using an intention-to-treat approach, on grip strength, 400 m walking speed, and the SPPB and its components, using repeated measures analysis of covariance (ANCOVA) with an unstructured parameterization matrix for longitudinal covariance. Models included the following variables: site, sex (both used to stratify randomization), baseline outcome variable, intervention, visit, and interaction between intervention and visit. The impact of the intervention on the outcome variables was determined by generating least square means from these models. Contrasts were used to estimate the average effects over time.
To determine the intervention effects on the lowest functioning participants, we repeated these analyses in participants with baseline SPPB scores <8.
Walking speed for 400 m walk failures was calculated by dividing the meters walked prior to stopping by time walked in seconds. We also conducted two sensitivity analyses: (1) evaluated changes in 400 m walk after excluding failures and (2) calculated 400 m walking speed for failures using an imputation approach, which assumed different distributions for the portion of the walk that went unfinished and estimated the rate of "slowing down." 34 A sensitivity analysis for grip strength was also performed assigning a 0 to those who could not complete the test due to pain or other contraindication. Those unable to complete five repeated chair-stands were assigned a score of 0. A sensitivity analysis was performed in which the time to complete five repeated chair stands was treated as a continuous variable and those who could not complete the test were assigned a time of 60 seconds.
To determine the role of changes in the components of the SPPB and grip strength on the prevention of major mobility disability, we compared hazard ratios for the intervention effect before and after adjustment for these factors. The proportion of change in the association between intervention and major mobility disability after adjusting for the components of the SPPB, or grip strength, was calculated as: one minus {the regression coefficient of intervention from the adjusted proportional hazards model divided by the regression coefficient of intervention from the original model}. These analyses were only done for those components that showed overall significant differences in change between groups from baseline to 24 months.
No adjustments were made for multiple testing, as these were a priori tertiary aims. Nominal P-values are reported throughout as simple guides to possible associations. Statistical analyses were performed using SAS (SAS Institute, Cary, NC), v9.4.
RESULTS
Intervention groups were similar in terms of baseline characteristics (Table 1) .
Intervention Effects on Physical Performance Outcomes
The PA intervention had a significantly more positive overall effect on the SPPB compared with HE (P = .04, Figure 1) . Specifically, PA had significantly higher total SPPB scores at 6 months than the HE group (8.5 AE 0.1 vs 8.2 AE 0.1, P = .001). The PA group maintained higher SPPB scores compared with HE at 12 months (8.3 AE 0.1 vs 8.1 AE 0.1, P = .01) but scores became more similar between groups at 24 (P = .19) and 36 months (P = .69).
Chair-stand scores were significantly higher in PA compared to HE at 6 (2.2 AE 0.1 vs 2.0 AE 0.1), 12 (2.2 AE 0.1 vs 2.0 AE 0.1) and 24 months (2.0 AE 0.1 vs 1.9 AE 0.1), with a significant overall intervention effect (P < .001, Figure 2 ). Sensitivity analyses treating time to complete chair-stands as a continuous variable and assigning 60s to those who could not complete the test yielded nearly identical results. The balance score was higher in PA versus HE at 6 months (P = .01) but similar at all other follow-up times (overall effect, P = .12, Table 2 ). There was no difference between study arms in 4 m gait speed score (overall effect P = .78, Table 2 ). The benefits of PA compared with HE on the SPPB and its components were more pronounced in older adults at highest risk for mobility disability (baseline SPPB <8, Table 2 , Figures 1 and 2, panel B. ). In this sub-group, PA conveyed significant overall benefits to total SPPB score (overall effect P = .01), balance (overall effect P = .03) and chair stand scores (overall effect P < .01) but not 4 m gait speed (overall effect P = .54).
Grip strength followed similar trajectories in both groups (overall effect P = .62, Table 2 ). Sensitivity analyses assigning 0 kg to those who could not complete the test yielded similar results.
Walking-speed during the 400 m walk was significantly higher in PA versus HE, with more pronounced effects in the lower functioning sub-group, over the course of the study (both overall effect P < .001, Table 2 .). Both sensitivity analyses-excluding failures and imputing speed for failures-yielded similar results. The correlation between 400 m and 4 m gait speed at baseline was 0.49.
After adjustment for change in total SPPB score, the hazard ratio (95% confidence interval [CI]) for risk of major mobility disability in PA versus HE was attenuated to non-significance from 0.82 (0.69-0.98) to 0.87 (0.73-1.04), Table 3 . When SPPB score was replaced in the model by just the chair-stand component score, the hazard ratio (95% CI) for risk of major mobility disability in PA versus HE was attenuated from 0.82 (0.69-0.98) to 0.89 (0.75-1.06). In other words, 29% of the PA effect on the prevention of major mobility disability was explained by total SPPB score, while 39% of the effect was explained by the chair-stand component. Thus, change in lower extremity performance, specifically chair-stand ability, appears to be a mechanism by which PA preserves major mobility disability to a greater degree than HE. Chairstand score was the only SPPB component to show significant overall intervention effects, which was why chairstands explained more of the effect of PA on major mobility disability than total SPPB score.
DISCUSSION
We showed that a long term (average 2.6 years), moderate intensity physical activity intervention focused on over ground walking supplemented with lower extremity resistance and balance exercises conveyed significant benefits to lower extremity function (SPPB score) and 400 m walkingspeed compared with a HE group. The benefit of PA on lower extremity function (SPPB) was mainly attributable to its effect on chair-stand performance, as PA and HE had similar effects on the other two SPPB components: 4 m gait speed and balance. There was no difference in grip strength change between the two groups, likely because the PA intervention focused on the lower extremities.
The lower rate of major mobility in the PA group was largely attributable to improved chair-stand performance. Chair-stand performance was the most direct measure of lower extremity muscle strength/power employed in the LIFE study and although influenced by other factors, lower extremity muscle strength is the strongest determinant of chair-stand performance. 33 Therefore, lower extremity muscle function appears to be a mechanism by which PA prevents mobility disability and targeting this domain appears to be particularly important for preserving mobility in older adults at high risk for mobility disability. It should be noted that other unmeasured factors, such as cardio-respiratory fitness, may also account for the intervention effect on major mobility disability. In fact, the PA group performed better on the 400 m walk, which has been shown to reflect fitness in older adults. 35, 36 Interventions specifically aimed at comparing different modalities (strength vs aerobic vs a combination) on the prevention of downstream outcomes are needed to refine approaches for the prevention of mobility disability.
Notably, the differences between total SPPB score in the PA compared with HE groups were small despite being statistically significant. Specifically, an improvement of 0.5 points in SPPB score has been estimated to be a small meaningful change, 14 while the largest difference between the LIFE PA and HE groups was 0.3 points at 6 months. However, the differences in SPPB score in lower functioning participants (SPPB < 8) approached the 0.5 threshold at 6 and 12 months. Additionally, despite the modest overall intervention effects, improved chair-stand and SPPB scores did explain a large proportion of the effect of PA compared with HE on the prevention of mobility disability. Thus, previously reported meaningful thresholds for change in SPPB may underestimate the impact of smaller improvements on downstream outcomes such as mobility disability. Finally, the largest benefits were observed for the chair-stand component; therefore, it is also possible that a 0.2 point in the chair-stand component is clinically meaningful despite small overall differences in total SPPB score. It is important to note that other exercise interventions studies of older adults that included more intensive training programs yielded larger changes in SPPB and similar performances measures. Thus, more intensive training may convey greater benefits on major mobility disability. Future studies are needed to determine if more intensive training programs can be tolerated by at risk older adults such as those enrolled in the LIFE study. Similar to SPPB, the observed differences in 400 m walking-speed between PA and HE was small; a 0.05 m/s difference in usual gait-speed has been estimated to be a small meaningful change. However, this estimate was determined using walking tests conducted over shorter distances (4-20 m). Further, change in 400 m walking-speed explained a considerable proportion of the effect of PA compared with HE on the prevention of mobility disability. Previous work may underestimate the benefits of smaller changes in gait speed, especially over longer distances. Notably, gait-speed measured over 4 m remained nearly identical in PA versus HE, thus gait-speed measured over a short distance may not be a good outcome or early indicator of the prevention of downstream outcomes in intervention trials.
The LIFE-Pilot (LIFE-P) study was able to directly measure isokinetic knee extensor strength in a small subset of participants (n = 42) and showed that after 12 months, strength adjusted for muscle mass decreased in HE, whereas the loss of strength was completely prevented in the PA group. 37 However, the LIFE-Pilot study did observe greater differences between PA versus HE at 6 and 12 months in total SPPB score. This may be attributable to the frequency of center-based exercise in LIFE-P, which was 39/wk for the first 6 months, 29/wk for months 7-10 and 1-2 optional center-based sessions for the remaining 2 months. Further, the behavioral component in LIFE-P employed structured, small group based behavior counseling, which was not done in LIFE. LIFE-P participants were also over 2 years younger at baseline compared with LIFE. Nevertheless, PA, compared to HE, conveyed significant benefits to lower extremity muscle function in both LIFE-P and LIFE. Further, change in SPPB weighted more strongly on change in 400 m walking-speed than did 4-m gait speed in LIFE-P. This corroborates our hypothesis that change in lower extremity function is a better early indicator of the effectiveness of PA interventions on the prevention of major mobility disability than 4-m gait speed.
Numerous smaller and shorter term studies have shown that PA is effective at improving or preventing declines in lower extremity muscle function and physical function at older ages. 12, 13, [15] [16] [17] 19, 22, 23 We have extended the literature by including a large sample of at-risk older adults, conducting a long-term intervention and showing the efficacy of exercise at improving physical function in at risk older adults. Further, these are the first data to directly show that improved lower extremity muscle function, is a key factor underlying the prevention of mobility disability. Studies that directly measure lower extremity muscle strength/power, cardiorespiratory fitness, muscle tissue properties as well as total and regional body composition are needed to examine specific pathways.
The LIFE study has the major strength of being a large randomized trial, and has numerous other strengths, including the inclusion of an active comparison group, long duration, with a high proportion of men and women as well as minorities. LIFE employed widely used and well validated physical performance measures that assessed many aspects of physical function. Key limitations include no direct measures of lower extremity muscle strength or power, fitness or body composition. These results are mainly generalizable to older adults at high risk (SPPB < 10) for mobility disability.
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